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BATTERY MONITORING 



The invention concerns a method of estimating battery discharge characteristics 
(or a battery voltage course during discharge). The invention also concerns a 
battery monitoring module and a radio telephone having such a module. 

The object of the invention is to provide a method enabling the voltage course 
of a battery to be estimated during discharge without prior knowledge of the 
parameters of the battery. 

This object is achieved by the method of the invention in th at values 
j^pie^enti^ a p | ura | it y of time 5 r and tnat 

parameters for describing the battery discharge course are determined locally 
for said times in response to the registered values and the associated times. 
This means that the battery discharge course may be determined on the basis 
of a plurality of measurement points. The actual model of the battery discharge 
may hereby be made very simple, since it is not necessary to consider ageing, 
slowly varying temperature fluctuations, etc. The method of the invention may 
be considered as a technique which simplifies a every complex algorithm, as 
the parameters of the algorithm, which vary with the temperature, ageing and 
other conditions, are determined numerically, without the actual, complex 
relations having to be studied. 

The technique of the invention may be used universally (for all types of 
batteries), as the actual properties of the battery, such as capacity, are not 
included in the calculations. It should finally be noted that the method is not 
affected by factors including that the battery has not been fully charged, that it 
is not discharged prior to recharging, etc. 



In the preferred method of the invention for estimating the battery voltage, this 
is assumed to decrease as a power function with time t from an initial value. 
The battery discharge is assumed to follow the voltage course V bat = 0-£ct\ 
where <D,£ and a are constants. A time span before the battery voltage has 
decreased to a predetermined voltage level may be determined on the basis of 
the sensed values and the time span between the sensing times. This time span 
may be determined as t = ln({<X>-V T )/£)/lna, where V T is the predetermined 
voltage level. 

The battery voltage course may be estimated locally by sensing the battery 
voltage, V ba t, at three times which are positioned at such a great mutual 
distance that the changes in the battery voltage are significant with respect to 
the uncertainty in the measurement of the voltages. 

The voltage course may be updated currently, as the measurements of the 
battery voltage are merely to be repeated period i cally, it may also be decided to 
update just once in a while to compensate for ageing. 

The invention moreover concerns a battery monitoring unit comprising an 
associated control device, a battery voltage sensor to sense values representing 
the battery voltage, and a timer. On the basis of the sensed values and the 
associated times, the control unit determines the parameters for describing the 
battery discharge course locally for said times in response to the registered 
values and the associated times. A time span before the battery voltage has 
dropped to a predetermined voltage level may hereby be estimated on the basis 
of measured parameters, without this requiring knowledge of battery-specific 
parameters. The predetermined voltage level is a voltage level V T and is usually 
determined by the lowest acceptable battery voltage for the electric appliance 
with which the battery monitoring unit is used. 



The invention moreover concerns a radio telephone having a voltage supply in 
the form of a battery and comprising a battery monitoring unit with an 
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In the preferred method of the invention for estimating the battery voltage, this 
is assumed to decrease as a power function with time t from an initial valu . 
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associated times, the control unit determines the parameters for describing the 
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1 1 ) values and Tne associated times. A time span before the battery voltage has 
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parameters. The predetermined voltage level is a voltage level V T and is usually 
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with which the battery monitoring unit is used. 
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the form of a battery and comprising a battery monitoring unit with an 
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associated control device, a battery voltage sensor to sense values representing 
the battery voltage, and a timer. On the basis of th sensed values and the 
associated times, the control unit determines the parameters for describing the 
battery discharge course locally for said times in response to the registered 
values and the time span between the registration times. 



The invention also concerns a radio telephone having a battery and a battery 
monitoring means for estimating a battery voltage course by sensing the battery 
voltage, V bat , via a battery voltage sensor at a plurality of times, and an 
estimating means for calculating a telephone service life measure before the 
battery voltage has decreased to a predetermined level. The estimating means 
updates the measure of the remaining service life if the battery voltage sensor 
registers a change in the voltage course. The actual measure of the remaining 
service life is displayed by a display means. The remaining service life may e.g. 
be displayed as a number of minutes in standby mode or as a percentage of the 
total time. The latter form of display has the advantage that the number applies 
universally irrespective of the telephone mode. 

The battery monitoring according to the invention depends on electric 
parameters, i.e. parameters which can be measured during the use of the 

jj, battery. The method of the invention allows the future behaviour of the battery 

to be predicted on the basis of a few measurements performed within a short 
time span. The future behaviour of the battery may be corrected or re-estimated 

jjj if the current changes, which can take place on the basis of the parameters 

already calculated. The method in the preferred embodiment of the invention is 
self-correcting. 

The invention will be explained more fully below, by way of example, in con- 
nection with preferred embodiments and with reference to the drawing, in 
which: 
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fig. 1 schematically shows a battery model with which the invention is to be 
explained; 

fig. 2 schematically shows a preferred way of implementing the principle of the 
invention; 

fig. 3 shows an example of a battery discharge course; and 

fig. 4 shows a flow chart to illustrate a preferred method of the invention. 

The invention is based on the use of a simple battery model shown in fig. .1 as 
a basis for setting up a battery discharge algorithm. The model contains a 
voltage source which supplies a voltage E 0 via an internal impedance R s , R p , 
and C p to a load R x . The current i, which runs through the load R x , is constant, 
while the voltage V t = V t (t) across the load R x varies with the time t. It is 
hereby possible to set up an expression of the battery voltage which, with a 
constant current, assumes the following course: 

V(t) = O - Sa* - yexp{-t/R p C p ), 

where O, £ and a describe time invariant functions of i. y may be divided into a 
series of time invariant portions, but this requires the use of some power series 
(Bessel functions). The term in which y is included vanishes quickly, because it 
has a negative exponent. If the transient which takes place after the battery 
has been fully charged is disregarded, then this term may be left totally out of 
consideration in connection with the discharge. In other words, the battery 
voltage may be described by the expression: 

V bat (t) = (D-^a 1 , 

where <t>, £ and a are constant at a constant current, but vary in a well-defined 
manner when the current varies. ^ 



5 



When considering this expression, which is general for ail types of batteries 
which have been studied in the setting up of the above model, and comparing 
the expression with the experimentally found values, it will be seen that the 
three parameters are battery-specific, i.e. the parameters vary from battery type 
to battery type, between different batteries within the same battery type, and 
for the same battery at different loads, temperatures, etc. Further, the start 
time of the discharge must be known. 

However, the battery voltage expression is rather special, it being possible to 
move the discharge start time during discharge and to estimate new parameters 
by means of which the future discharge may then be described in exactly the 
same manner - merely on the basis of the new start time. 

This may be explained as follows: 

V <t)siarttimet=0 = 0 " S a *• 

If the start time is to be changed to t = t, i.e. X, = t-t, then the battery voltage 
may be expressed as follows: 

^ V(t) startlimet . T = <X>.5a rl 

I 

where §a"* may be considered as a new time invariant parameter. The invention 
is thus based on the possibility of determining local battery parameters <D, £ and 
a at any time, without the battery-specific parameters having to be known. The 
battery voltage may be considered as a non-linear function of time, with the 
expression applying to stable states, i.e. approximately constant temperature, 
power consumption, etc. The problem of predicting the discharge course of the 
battery is then reduced to the question of estimating the three local battery pa- 
rameters d>, ^ and a. Measuring the'^oattery voltage at three different times 



additionally simplifies the problem to the solution of the three non-linear 

equations having thre unknown quantities. 

V(t = tO) = VO = <I> - £a t0 
V(t = t1) = V1 = O - £ a n 
V(t=t2) = V2 = O - £a a 

Here, tO may advantageously be put equal' to 0, t1 equal to tO + At, and t2 
equal to tO + At. Hence: 

V(t) = 4> - ^a l 

V(t + At) = O - £a wt 

V(t + 2At) = 0>.-^a t + Zit 

Since tO is equal to zero, three local battery parameters O, 5 and a may be 
determined exactly as: 

a = expdnUV^o + At) - V{t. 0 + 2At»/(V(t_ 0 J - V{ tes0 + At)))/At) 
5 = <V<t„o) - V(t =0 + At)) 2 /( 2V(t„ 0 + At) - V(t =Q + 2At) - V(U 0 )) 

<*> « V{ t=0 ) - (VfUo) - V<t. 0 + At)) 2 /( 2V{t. 0 + At) - V(t =0 + 2At) - V{t =0 )), 
(10) 

where In is the natural algorithm. It has hereby been made possible to set up an 
expression of the discharge course of any battery, which has been done solely 
by measuring the battery voltage three times and registering the interval 
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between the measurements. No prior knowledge of the battery parameters is 
required. 

The invention may be implemented in all electric appliances which have 
batteries as the source of energy. When a preferred embodiment of the 
invention will be explained below, this will be done with reference to radio tele- 
phones, which are taken to mean portable telephones communicating with 
other telephones via radio waves, usually via base stations which may in turn 
be interconnected through a communications net. The radio telephones may be 
based on both analog and digital communication (e.g. NMT or GSM) as well as 
all other types, including cordless ones (e.g. DECT). 

When working e.g. with a GSM telephone, there will be an incorporated 
threshold value V T . whereby the telephone is switched off automatically when 
the battery voltage reaches this threshold value. A call causes the battery 
voltage to decrease because of increased power consumption. If the battery 
voltage during this voltage drop gets below the minimum voltage at which the 
telephone can operate, it will nevertheless not be possible to establish a 
connection. This threshold value has therefore been incorporated. 

( j j This means in practice that the threshold value is the voltage which is usually 

aimed at when the remaining standby time is to be estimated. This time may be 
estimated in a simple manner when the three local battery parameters <D, \ and 

( j ( a have been determined in equations (8), (9) and (10), as the time may be 

expressed as follows: 

t = ln((«> - V T )/$)/lnoc, 

where V T is the minimum voltage value which can be accepted, e.g. the above- 
mentioned threshold value known from i.a. the GSM system. 
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Fig. 2 shows how the invention in a preferred embodiment may be implemented 
in a battery driven unit 8, e.g. a radio telephone. A battery 1 supplies a voltage 
to the unit 8, and the battery voltage is sensed at intervals under the control of 
a control unit 2. At each sensing, the control unit 2 moreover receives time 
information from a timer 3. This information representing the battery voltage 
and a time value, either related to absolute time or to the length of the interval 
between the actual voltage value and the preceding one, is transferred to a 
memory 5. The control unit can obtain data from the memory when the 
parameters <D, £ and a are to be calculated by means of the expressions (8), (9) 
and (10), to enable the time t to be subsequently determined by meahs of the 
expression (11). This takes place in a calculator 6, and the calculated time will 
then usually be transferred for display on the display 7 of the unit. 

In case of radio telephones, the power consumption varies in response to the 
actual telephone mode, and the control unit 2 must therefore have information 
on the actual telephone mode. This information can most easily be obtained 
from the central control unit 4 of the telephone and is used for correcting the 
calculated remaining time for the increased power consumption. In practice, the 
units 2-6 will be integrated centrally in the telephone, but are shown separated 
here to illustrate the individual functions. 

When considering equation (4), it will be seen that 0 may in practice be 
considered as being a constant under constant conditions, which means that 
the battery is not replaced by another battery, that the power consuming unit is 
not subjected to changes in power consumption, temperature, etc. If this is 
met, then, after the start of the power consuming appliance, two 
measurements may be made to determine £ and a and thereby the time t. How- 
ever, this requires a stored value for <t>. To ensure that the battery has not been 
replaced, whereby the <I> value is no longer valid, the final battery voltage from 
the last operational period may be stored and be compared with the start 
battery voltage at the operational period just started, and if the two values are 
consistent, the time estimating proceduffr may be started as outlined. 
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When the power consuming appliance is a radio telephone, it is usually 
preferred to estimate all three parameters 0>, (, and a each time the telephone is 
switched on and currently update the parameters during the entire operational 
period, as many users have several batteries so that these can just be replaced 
without the telephone itself having to be placed in a charger. Further, the tele- 
phone is frequently subjected to changing surroundings, and the power 
consumption varies depending on which active mode the telephone is in. 

When the telephone is switched on, it is in standby mode, until the user 
interface is used, a call is made or received or the like. 



The battery monitoring may advantageously take place by sensing the battery 
voltage at regular intervals, but this is frequently not possible in practice, as the 
current (load) may change en route because of a call or the like. If intermediate 
intervals are of exactly the same length, the discharge curve parameters may 
be calculated by the equations (8), (9) and (10). If the intermediate intervals are 
of different lengths, the equations (8). (9) and (10) cannot be used, but a 
standard calculating program may be used instead for iterative solution of the 
three non-linear equations (5), (6) and (7). This requires a little more calculating 

j jj power, but the number of calculations may be reduced by initially interpolat- 

ing/extrapolating to a virtual voltage value by means of the actually measured 
values and the last intermediate time interval. Alternatively, the time may be 

j j , calculated on the basis of a mathematical perturbation of the off-line parameters 

<t>. £ and a. 

To obtain a satisfactory uncertainty of the remaining time, the intermediate 
intervals must be so long that the battery voltage changes are significant with 
respect to the measurement uncertainty. Radio telephone standby time, for 
example, tends to increase because of a constantly decreasing energy 
consumption, and the changes in the battery voltages of future telephone 
generations must therefore be assumed to take place at a slower rate than 
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today. Further, also the measurement uncertainty must be assumed to 
decrease. With a measurement unit which in terms of price lends itself for 
incorporation in consumer products without the competitiveness of the 
products being impaired, a length of the intermediate intervals of about 15 
minutes is considered realistic. If the estimate is based solely on the outlined 
method, the estimate of the first thirty minutes must be considered unreliable. 

This, however, may be compensated by storing some values of the parameters 
0>, 5 and a. Each time the telephone is charged fully, the parameters <D, £ and a 
corresponding to full charge may be calculated and stored. The next time the 
telephone is charged fully, the old set of parameters is used for the- time 
estimate, until a new set of parameters has been calculated. The new set 
hereby replaces the old set in the memory. A reasonably updated set of 
parameters will thus always be available in the memory. 

When the actual parameters <£>, £ and a are currently stored in the memory, 
these may be used if the telephone is switched off and on again. A measure of 
the associated battery voltage may be stored together with the parameters, and 
comparison of the actual battery voltage and the stored values provides a 
measure of whether it is realistic to use the old set of parameters in the estima- 
tion of the remaining time. If the old parameters cannot be used, the display 
indicates that there is no available estimate of the remaining time. 

Referring now to fig. 3, a discharge curve for an NiMH battery having five cells 
and a capacity of 500 mAH is shown. The discharge has taken place in set-up 
where the battery voltage of a GSM telephone <Nokia 2110) has been measured 
during the entire sequence, while the current (load) changes in connection with 
switching between standby mode and conversation mode. In the upper curve, 
the diagram shows a measure of the read battery voltage V bat as a function of 
time, while the lower curve illustrates the remaining time, likewise as a function 
of time. Th horizontal axis of the diagram shows the time in minutes, while the 
vertical axis to the right of the diagram xepresents the battery voltage. 
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The measurement unit on the vertical, right axis is "Battery A/D Readings", 
which is a measure which, when multiplied with a conversion factor, gives the 
battery voltage in volts. The conversion factor per se has no importance in this 
connection, it being the relation between the voltages which is used in the 
calculations. The curve is plotted in connection with an adaptive measurement, 
where the battery voltage course is estimated, and the course is corrected in 
response to a current comparison between the expected voltage and the 
measured voltage. 

The vertical, left axis shows the time estimate at a given time as a function of 
time and estimated by the method of the invention. It will be seen that the esti- 
mated time decreases evenly after about 4 minutes (when a reliable estimate is 
obtained) from about 380 minutes to about 220 minutes after just under 160 
minutes. The battery voltages decreases approximately evenly with minor 
fluctuations during this interval, the reason being that the current is constant, 
and a brief jump in power consumption can be seen after 45 minutes. The 
fluctuations are caused by telephone scanning among the GSM channels. As 
the time estimate in the diagram refers to the standby current, the time 
estimate during standby decreases by 1 minute/minute. After 160 minutes the 
battery voltage decreases for a period of about 7 minutes as a consequence of 
increased power consumption, and then the voltage reassumes an evenly 
decreasing course for another 25 minutes. Then the voltage decreases steeply 
for about 5 minutes as a consequence of a great power consumption, following 
which the voltage reassumes an evenly decreasing course for another 35 
minutes. It will be seen that the time estimate in the time estimate curve 
decreases steeply during the increased power consumption, and then 
reassumes an evenly decreasing course with 1 minute/minute. During the 
increased power consumption after 190 minutes the time estimate decreases by 
about 100 minutes in merely 3 minutes, which is caused by a very high power 
consumption, which quickly depletes the battery of energy. The reason why the 
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estimate reaches zero after 220 minutes is that the battery has reached the 
voltage, V T , which is used as input in equation {1 1). 

Referring to fig. 4, the method of the invention will be explained in connection 
with a radio telephone. When a telephone is switched on, or if the battery 
monitoring control unit 2 is informed that the battery is being charged, the 
control unit jumps to stage 20 in the flow chart shown in fig. 4. If the battery is 
being charged, the procedure is recommenced when charging has been com- 
pleted. This is followed by resetting of the three voltage values VO, V1 and V2 
which are used in the calculation of the battery parameters by means of 
formulae (8), (9) and (10). The associated times tO, tl and t2 are reset at the 
same time. 

The three indicator parameters are reset in stage 21. The first one is a 
parameter N indicating how many reliable voltage measurements are available. 
Maximum in the embodiment outlined will be three {corresponding to N = 2), as 
three equations having three unknown quantities are employed here. CHAR is a 
parameter indicating whether the charging of the battery has just been 
completed. This parameter might be set in stage 21, since the control unit 
knows whether the telephone is being charged. However, it is a clear 
advantage to move the parameter setting to stage 33, as it is checked here 
whether the battery voltage is tantamount to full charge of the battery, and that 
the charge is not just a partial charge, or the battery has been replaced prior to 
charging. Finally, an indication parameter Vbat.CUR is set at the value Vbat. If 
the telephone is then switched off, Vbat.CUR represents the battery voltage 
before the telephone was switched off. 

Then the battery voltage, Vbat, is sensed, and the associated time, t, is 
registered. This is done in stage 22. The voltage time values are changed in 
stage 23, so that the old (VI, t1) values are input as new (V0 ( tO) values, and 
correspondingly the old {V2, t2) values are input as new (V1, t1 ) values. The 
values (Vbat, t) sensed in stage 22- are input as new (V2, t2) values. 



Simultaneously, the lengths DELTAT21 (=t2-t1) and DELTAT1 0 (t1-tO) of the 
intervals between the voltage measurements are calculated. 

It is checked in stage 24 whether there are three reliable voltage 
measurements, in which case N assumes the value 2. This will not be the case 
immediately after charging has been completed or immediately after the 
telephone has been switched on. If N assumes the value 2, PARAMETER. CUR 
{<D, £ and a for tO) is calculated in stage 25, which usually takes place by 
solving the equations (5), (6) and (7) numerically by means of an iterative 
method. 

The value of CHAR is checked in stage 26, and if this value is 1 , then the three 
voltage values set in stage 23 are the first three voltage values after completed 
charging. If this is the case, PARAMETER. CHAR is set at the value 
PARAMETER.CUR, and the parameter set after the next charging may be then 
used as start values in the time estimate. Simultaneously, the battery voltage 
Vbat.CHAR of the charged battery is set at the battery voltage VO at tO, and 
the CHAR value is set at the value O. 

After the calculation of PARAMETER.CUR in stage 25, REMAIN. TIME is 
calculated as the time t in equation (1), which is done in stage 27. Here, ESTI is 
set at the value 1 , thereby indicating that a reliable time estimate is available. 
The remaining standby time is shown on the display of the telephone, optionally 
converted into conversation time or another expedient representation. This is 
followed by a suitable waiting time before jump back to stage 22, where a new 
battery voltage is input together with the associated time. 

If N in stage 24 does not yet assume the value two, N is increase by one in 
stage 29, and if N is 1, which is checked in stage 30, the battery voltage Vbat 
measured in stage 22 is compared with the last registered battery voltage, 
Vbat.CHAR, at full charge, which takes place in stage 31. In case of fair 
consistency (e.g. within a 1-2% deviation), the battery is recognised as being 
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fully charged and in accordance with the battery which was last charged in the 
battery. Without further calculations PARAMETER. CUR is set at 
PARAMETER. CHAR, which was determined in stage 28 in the last session, 
which takes place in stage 33. Simultaneously, CHAR is set at 1, indicating that 
the first parameter set, PARAMETER. CUR, which can be calculated in the actual 
session, is to be set as the new set of parameters, PARAMETER. CUR, instead 
of the old one. The parameter set, PARAMETER. CUR, which was set in stage 
33, is used for calculating REMAIN. TIME in stage 27. 

If no consistency is found in stage 31 between the actual battery voltage Vbat 
and the battery voltage at the last charging, it is checked instead in stage 32 
whether the actual battery charge is in accordance with Vbat.CUR, which is the 
battery charge before the telephone was switched off last. If this is the case, 
the parameter set PARAMETER. CUR from the last session is set without further 
calculations as the new parameter set PARAMETER. CUR for the session just 
started, which takes place in stage 34. The parameter set, PARAMETER. CUR, 
set in stage 34, is used for calculating REMAIN. TIME in stage 27. 

If no consistency is found in stage 32 either between the actual battery voltage 
Vbat and the battery voltage Vbat.CUR, which is the battery voltage before the 
telephone was switched off last, then ETSI is put equal to zero in stage 37 to 
indicate that no reliable estimate is available, and in stage 36 the telephone 
display indicates that there is still no available reliable estimate. This is followed 
by a suitable wait before jumping back to stage 22, where a new battery 
voltage is input together with the associated time. 

If N in stage 30 assumed the value 2 ( was different from 1), it is checked in 
stage 35 whether EST! is zero. If this is the case, the method proceeds to stage 
36, where the display shows that there is still no available reliable estimate. IF, 
on the other hand, it is indicated that there is a reliable estimate in stage 35 
(ESTI = 1), the old parameter set, PARAMETER. CUR, is set as the new 
parameter set, PARAMETER. CUR, for,^he actual session. The parameter set, 
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PARAMETER. CUR, set in stage 34, is used for calculating REMAIN. TIME in 
stage 27. 

The method may then be varied, as needed, so that the standby time may be 
updated for every 20 minutes or so during the rest of the charging, which 
corresponds to the diagram in fig. 4. Alternatively, it may be decided not to 
update the parameters so that these are kept constant for the rest of the 
session and are thus not updated until the next time the battery is charged or 
the next time the telephone is switched on. When using a mathematical 
perturbation instead, the time estimate may be updated when the battery 
voltage differs from an expected value. 

Clearly, it is specially necessary to check that the battery has not been replaced 
when the battery is replaceable. If the battery is not replaceable, the algorithm 
described above will give a result which is satisfactory, even though the 
parameters are just updated relatively rarely, e.g. once for every five chargings. 
This means that the interval between a parameter updating series may be great 
with respect to the duration of the updating series. A mathematically based 
method may advantageously operate continuously, which will also be expedient 
in case of battery replacement. 

If the power consumption for a period, 5t, is changed to a new constant level, 
e.g. n times the standby current, i, where n is a positive value, the battery 
voltage, after the termination of this period, may be expressed by: 

V bal (t) = O-^cc 



where f(n} is a growing function of n. An analytic expression of f(n) may be set 
up, and this expression may be expanded in series. A low energy consumption 
is desired for the radio telephone, which makes it easy to set up a criterion for 
the expansion in series. As quite few current levels occur in radio telephones, it 
would be expedient to determine f<n4~for the possible current levels. These 
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To simpiify the calculations, the telephone may advantageously postpone a 
battery measurement if a conversion is talcing place, so that the measurement is 
made after the termination of the conversation. 

The method itself may be implemented as software, there being no special 
requirements with respect to the hardware of the radio telephone. 
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CLAIMS 

1. A method of estimating a battery voltage course during discharge, wherein 
battery voltage representing values are registered at a plurality of times, and 
wherein parameters for describing the battery discharge course are determined 
locally at said times in response to the registered values and the associated 
times. 

2. A method according to claim 1, wherein the battery voltage is assumed to 
decrease as a power function with time t from an initial value. 

3. A method according to claim 1 or 2, wherein a time span before the battery 
voltage has decreased to a predetermined voltage level is determined on the 
basis of the registered values and the associated times. 

4. A method according to claims 1-3, wherein the battery voltage course is 
estimated locally by sensing the battery voltage, V batr at least three times 
positioned at such a great mutual distance that the changes in battery voltage 
are significant with respect to the uncertainty in the measurement of the 
voltages. 

5. A method according to claim 2, wherein the battery discharge is assumed to 
follow the voltage course: 

V b8t = 

where <P, £ and a are parameters which are constant at constant discharge 
conditions. 

6. A method according to claim 5, wherein the constants <t>, 2; and cl are 
determined by iterative solution of three non-linear equations having three 
unknown quantities: 
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acceptable battery voltage for the electric appliance with which the battery 
monitoring device is used. 

12. A battery monitoring unit according to claims 9-11, wherein the battery 
voltage course is estimated locally by sensing the battery voltage, V bat , at least 
three times positioned at such a great mutual distance that the changes in 
battery voltage are significant with respect to the uncertainty in the 
measurement of the voltages. 

13. A battery monitoring unit according to claims 9-12, wherein the battery 
discharge course is assumed to follow the expression: 

V bat = <P<a.\ 

where <X>, £ and a are parameters which are constant at constant discharge 
conditions. 

14. A radio telephone having a voltage supply in the form of a battery and 
comprising a battery monitoring unit with an associated control device, a 
battery voltage sensor to sense values representing the battery voltage, and a 
timer enabling the control unit to register times associated with the sensed 
values, wherein, on the basis of the sensed values and the associated times, 
the control unit determines parameters for describing the battery discharge 
course locally for said times in response to the registered values and the 
associated times. 

15. A radio telephone according to claim 14, wherein the control unit 
determines a time span before the battery voltage has decreased to a 
predetermined voltage level on the basis of the parameters describing the 
battery discharge course. 
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16. A radio telephone according to claim 15, wherein the predetermined 
voltage level is the minimum voltage level V T which the radio telephone accepts 
for reliable operation. 



17. A radio telephone according to claims 14-16, wherein the battery is 
rechargeable and replaceable, and wherein the battery monitoring unit estimates 
the battery voltage course locally by sensing the battery voltage, V bal , via the 
battery voltage sensor at least three times positioned at such a great mutual 
distance that the changes in battery voltage are significant with respect to the 
uncertainty in the measurement of the voltages. 

18. A radio telephone according to claims 14-17, wherein the battery 
discharge course is assumed to follow the expression: 

V bat = 



where 0>, 5 and a are parameters which are constant at constant discharge 
conditions. 



19. A radio telephone according to claims 14-18, wherein the battery is 
rechargeable and permanently mounted in the telephone, and wherein the 
battery monitoring unit estimates the battery voltage course locally by sensing 
the battery voltage, V bal , via the battery voltage sensor at times positioned at 
such a great mutual distance that the changes in battery voltage are significant 
with respect to the uncertainty in the measurement of the voltages. 

20. A radio telephone having a battery and a battery monitoring unit to 
estimate a battery voltage course by sensing the battery voltage, V bat/ via a 
battery voltage sensor at a plurality of times, an estimating means for 
calculating a telephone service life measure before the battery voltage has 
decreased to a predetermined level, said estimating means updating the 
measure of the remaining service lifeOf the battery voltage sensor registers a 
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change in the voltage course, as well as a display means for displaying the 
remaining service life. 

21. A radio telephone according to claim 20, wherein the display means is a 
display for displaying a digital value of the remaining service life. 

22. A radio telephone according to claim 21, wherein the display displays the 
remaining service life in the form of a minute number for the telephone standby 
time. 

23. A radio telephone substantially as described in the foregoing with 
reference to figs. 1 to 4 of the accompanying drawing. 

24. A method of estimating a battery voltage course during discharge 
substantially as described in the foregoing with reference to figs. 1 to 4 of the 
accompanying drawing. 



